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INTRODUCTION 
The Exobiology Program, within the Office of Space Science 
and Applications of the National Aeronautics and Space 
Administration, is an integrated program to methodically 
investigate those processes which may have been responsible for, 
or related to, the origin, evolution, and distribution of life in 
the universe. 
This report contains a listing of 1983 publications supported 
by the Exobiology Program. Our intent in compiling this report 
is twofold: we want to provide the scientific community with an 
annual publication listing (as we have done since 1975), of 
current NASA-su'pported research in this field; and, we hope to 
stimulate the exchange of information and ideas among scientists 
working in the different areas of the program. 
Research supported by the Exobiology program is carried out 
in the areas of Chemical Evolution, Organic Geochemistry, Origin 
and Evolution of Life, Planetary Environments, Life in the 
Universe, Search for Extraterrestrial Intelligence (SETI), and 
Planetary Protection. Each area is defined as follows: 
Chemical Evolution focuses on the nonbiological synthesis of 
biologically significant organic molecules under conditions 
presumed to have existed on the primitive earth or on any 
primitive planet before the advent of life. 
Organic Geochemistry involves 1) analyzing ancient terrestrial 
rocks for organic molecules and inclusions of biological origin, 
and 2) developing techniques to isolate organic matter and to 
distinguish organic matter of biological origin from that of 
nonbiological origin. 
Origin and Evolution of Life studies 1) the orlgln of essential 
life processes and systems including the nucleic acid and protein 
biopolymers, genetic information transfer, energy collection 
mechanisms, and cellular and subcellular strtictures, and 2) the 
evolution of primitive microbial ecologies. 
Planetary Environments includes 1) characterizing microorganisms 
capable of surviving and/or growing in extreme conditions 
approaching those of planetary environments, 2) developing 
methodologies and techniques to detect and characterize 
life-related molecules in extraterrestrial environments, and 3) 
developing methods to determine planetary environmental 
characteristics important for chemical evolution processes. 
Life in the Universe involves research and analysis in two 
distinct but related areas: 1) forms, abundances, and reactivity 
of the biogenic elements; and 2) effect of planetary, solar, and 
astrophysical phenomena on evolution of complex life. 
Search for Extraterrest~ial Intelligence (SETI) involves the 
search for extraterrestrial intelligent life by detecting signals 
in the microwave region of the spectrum. 
Planetary Protection focuses on 1) environmental protection of 
planets of biological interest from potential harmful 
contamination from terrestrial sources during future exploration, 
based on explicit guidelines established for each planet and for 
each type of mission, and 2) protection of the Earth from 
potential hazards posed by return sample missions. 
The bibliography is divided into the seven research areas 
noted above and a miscellaneous section. Within each research 
area, references are listed alphabetically by author. Authors 
who are principal investigators are identified by an asterisk. 
Abstracts are listed separately starting on page In 
addition, current addresses for all principal investigators are 
given in the Appendix. 
We wish to thank all the participants in the Exobiology 
Program for their cooperation in responding to our request for 
a listing of their 1983 publications. 
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Bada, J.L., Cronin*, J.R., Ho, M.-S., Kvenvolden, K.A., Lawless*, 
J.G., Miller*, S.L., Oro*, J., and Steinberg, S. On the 
Reported Optical Activity of Amino Acids in the Murchison 
Meteorite. Nature 301: 494-497, 1983. 
Bar-Nun, A. and Chang*, S. Photochemical Reactions of Water and 
Carbon Monoxide in Earth's Primitive Atmosphere. Journal of 
Geophysical Research 88: 6662-6672, 1983. 
Chang* 5., DesMarais*, D., Mack, R., Miller*, S.L., and 
Strathearn, G.E. Prebiotic Organic Syntheses and the Origin 
of Life. In: Earth's Earliest Biosphere: Its Origin and 
Evolution (ed. by J.W. Schopf). Princeton, NJ: Princeton 
University Press, p. 53-92, 1983. 
Chang*, S. and Kerridge, J.F. Accretion of Volatiles. In: 
Conference on Planetary Volatiles (ed. by R.O. Pepin and R.O. 
Connell). Houston: Lunar and Planetary Institute, p. 50-51, 
1983. 
Coyne*, L., Sweeney, M., and Hovatter, W. Luminescence Induced 
by Dehydration of Kaolin--Association with Electron-Spin-
Active Centers and with Surface Activity for Dehydration-
Polymerization of Glycine. Journal of Luminescence 28: 
395-409, 1983. 
Ferris*, J.P. Biological Formation and Metabolic Transformations 
of Compounds Containing the Cyano Group. In: The Chemistry of 
Functional Groups, Supplement C (ed. by S. Patai and Z. 
Rappoport). New York: John Wiley & Sons, p. 325-340, 1983. 
Ferris*, J.P. and Usher*, D.A. Origins of Life. In:Biochem-
istry (ed. by G. Zubay). Reading, MA.: Addison-Wesley, p. 
1190-1241, 1983. 
Ferris*, J.P., Yanagawa, H., and Hagan, W.J., Jr. Prebiotic 
Synthesis and Reactions of Nucleosides and Nucleotides. 
Advances in Space Research 3(9): 61-68, 1983. 
Folsome*, C., Brittain, A., and Zelko, M. Photochemical Synthe-
sis of Biomolecules Under Anoxic Conditions. Origins of Life 
13: 41-56, 1983. 
Gupta, A., Loew*, G.H., and Lawless*, J. Interaction of Metal 
Ions and Amino Acids: Possible Mechanisms for the Adsorption 
of Amino Acids on Homoionic Smectite Clays. Inorganic 
Chemistry 22: 111-120, 1983. 
Kasting, J.F., Zahnle, K.J., and Walker*, J.C.G. Photochemistry 
of Methane in the Earth's Early Atmosphere. Precambrian 
Research 20: 121-148, 1983. 
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Kuhn*, W.R. and Kasting, J.F. Effects of Increased C02 
Concentrations on Surface Temperature of the Early Earth. 
Nature 301: 53-55, 1983. 
Lazcano, A., Oro*, J., and Miller*, S.L. Primitive Earth 
Environments: Organic Syntheses and the Origin and Early 
Evolution of Life. Precambrian Research 20: 259-282, 1983. 
Lunine, J.I., Stevenson, D.J., and Yung*, Y.L. Ethane Ocean on 
Titan. Science 222(4629): 1229-1230, 1983. 
Miller*, S.L. and Schlesinger, G. The Atmosphere of the 
Primitive Earth and the Prebiotic Synthesis of Organic 
Compounds. Advances in Space Research 3(9): 47-53, 1983. 
Odom, D., Yamrom, T., and Oro*, J. Prebiotic Oligodeoxy-
nucleotide Synthesis in a Cyclic Evaporating System at Low 
Temperatures. Advances in Space Research 3(9): 55-59, 1983. 
Oro*, J. Chemical Evolution and the Origin of Life. Advances in 
Space Research 3(9): 77-94, 1983. 
Oro*, J. El Origen de la Vida en la Tierra y el Hombre Ante el 
Espacio. Astronomia y Astrofotografia Tecnica 2(6): 192-197, 
1983. 
Pleasant, L.G. and Ponnamperuma*, C. Chemical Evolution and the 
Origin of Life: Bibliography Supplement 1981. Origins of Life 
13: 61-80, 1983. 
Ponnamperuma*, C. 
Cosmochemistry 
Ponnamperuma). 
p. 1-34, 1983. 
Cosmochemistry and the Origin of Life. In: 
and the Origin of Life (ed. by C. 
Dordrecht, Holland: D. Reidel Publishing Co., 
Ponnamperuma*, C. (ed.) Cosmochemistry and the Origin of Life, 
Proceedings of the NATO Advanced Study Institute, Maratea, 
Italy, June 1-12, 1981. Dordrecht, Holland: D. Reidel 
Publishing Co., 386 p., 1983. 
Prather, M.J. and McElroy*, M.B. Helium on Venus: Implications 
for Uranium and Thorium. Science 220: 410-411, 1983. 
Samuelson, R.E., Maguire, W.C., Hanel, R.A., Kunde, V.G., 
Jennings, D.E., Yung*, Y.L., and Aiken, A.C. CO 2 on Titan. Journal of Geophysical Research 88(A11): 8709-87I5, 1983. 
Schlesinger, G. and Miller*, S.L. Prebiotic Synthesis in 
Atmospheres Containing CH4 , co, and CO2 • I. Amino Acids. Journal of Molecular Evolution 19: 376-382, 1983. 
Schlesinger, G. and Miller*, S.L. Prebiotic Synthesis in 
Atmospheres Containing CH4 , CO, and CO2 • II. Hydrogen Cyanide, 
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Formaldehyde and Ammonia. Journal of Molecular Evolution 19: 
383-390, 1983. 
Summers, M.E., Yung*, Y.L., and Haff, P.K. A Two-stage Mechanism 
for Escape of Na and K from 10. Nature 304: 710-712, 1983. 
Wa1ker*, J.C.G. Carbon Geodynamic Cycle. Nature 303: 730, 1983. 
Walker*, J.C.G. Possible Limits on the Composition of the 
Archaean Ocean. Nature 302: 518-520, 1983. 
Wa1ker*, J.C.G., Klein, C., Shid10wski, M., Schopf*, J.W., 
Stevenson, D.J., and Walter, M.R. Environmental Evolution of 
the Arche~n-Ear1y Proterozoic Earth. In: Earth's Earliest 
Biosphere: Its Origin and Evolution (ed. by J.W. Schopf). 
Princeton, NJ: Princeton University Press, p. 260-290, 1983. 
Weber*, A.L. Thio-Catalyzed Formation of Lactate and G1ycerate 
from Glyceraldehyde. Journal of Molecular Evolution 19: 
237-243, 1983. 
5 
ORGANIC GEOCHEMISTRY 
Ashwal, L.D., Colucci, M.T., Lambert, P., Henry, D.J., and 
Gibson*, E.K. Fluid Inclusions in Meteorites: Direct Samples 
of Extraterrestrial Volatiles. In: Conference on Planetary 
Volatiles, Alexandria, Minnesota, October 9-12, 1982 (ed. by 
R.O. Pepin and R. O'Connell). Houston: Lunar and Planetary 
Institute, p. 18-19, 1983. (LPI Technical Report 83-01) 
Awramik, S.M., Schopf*, J.W., and Walter, M.R. Filamentous 
Fossil Bacteria from the Archean of Western Australia. 
Precambrian Research 20: 357-374, 1983. 
1 Boon, J.J. and de Leeuw, J.W. Early Stromatolite Lithification 
--Organic Chemical Aspects. In: Biomineralization and 
Biological Metal Accumulation (ed. by P. Westbroek and E.W. de 
Jong). Dordrecht, Holland: D. Reidel, p. 327-334, 1983. 
Boon, J.J., Hines, H., Burlingame*, A.L., Klok, J., Rijpstra, 
W.I.C., de Leeuw, J.W., Edmunds, K.E., and Eglinton, G. 
Organic Geochemical Studies of Solar Lake Laminated 
Cyanobacterial Mats. In: Advances in Organic Geochemistry 
1981 (ed. by M. Bjoroy). New York: John Wiley & Sons, p. 
207-227, 1983. 
Brassell, S.C., Eglinton, G., and Maxwell, J.R. l The 
Geochemistry of Terpenoids and Steroids. Biochemical Society 
Transactions 11: 575-586, 1983. 
Campbell*, S.E. The Modern Distribution and Geological History 
of Calcium Carbonate Boring Microorganisms. In: Biomineral-
ization and Biological Metal Accumulation Cede by P. Westbroek 
and E.W. de Jong). Dordrecht, Holland: D. Reidel, p. 99-104, 
1983. 
Cardoso, J.N. and Eglinton, G. l The Use of Hydroxyacids as 
Geochemical Indicators. Geochimica et Cosmochimica Acta 47: 
723-730, 1983. 
Cardoso, J.N., Gaskell, S.J., Quirk, M.M., and Eglinton, G. l 
Hydrocarbon and Fatty Acid Distributions in Rostherne Lake 
Sediment (England). Chemical Geology, 38: 107-128, 1983. 
Chapman, D.J. and Schopf*, J.W. Biological and Biochemical 
Effects of the Development of an Aerobic Environment. In: 
Earth's Earliest Biosphere: Its Origin and Evolution (ed. by 
J.W. Schopf). Princeton: Princeton University Press, p. 
302-320, 1983. 
l A•L • Burlingame and M. Calvin, Co-Principal Investigators 
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Cronin* J.R. and Pizzarello, S. Amino Acids in Meteorites. 
Advances in Space Research 3(9): 5-18, 1983. 
Des Marais*, D.J. 
in Lunar Rocks. 
1781, 1983. 
Light Element Geochemistry and Spallogenesis 
Geochimica et Cosmochimica Acta 47: 1769-
Des Marais*, D.J. and Chang*, S. Processing Procedure for 
Abiotic Samples and Calculation of Model Atmospheric 
Compositions. In: Earth's Earliest Biosphere: Its Origin and 
Evolution (ed. by J.W. Schopf). Princeton, NJ: Princeton 
University Press, p. 416-427, 1983. 
Des Marais*, D.J., Sakai, H., and Moore, J.G. Stable Carbon 
Isotopes in Midoceanic Basaltic Glasses. In: Conference on 
Planetary Volatiles, Alexandria, Minnesota, October 9-12, 1982 
(ed. by R.O. Pepin and R. O'Connell). Houston: Lunar and Plan-
etary Institute, p. 56-57, 1983. (LPI Technical Report 83-01) 
Eglinton, G. l Organic Molecules as Chemical Fossils - The 
Molecular Fossil Record. In: Cosmochemistry and the Origin of 
Life (ed. by C. Ponnamperuma). Dordrecht, Holland: D. Reidel, 
~23-359, 1983. 
Fry, B., Gest, H., and Hayes*, J.M. Sulphur Isotopic Composi-
tions of Deep-sea Hydrothermal Vent Animals. Nature 306: 
51-52, 1983. 
Gest, H. and Schopf*, J.W. Biochemical Evolution of Anaerobic 
Energy Conversion: The Transition from Fermentation to 
Anoxygenic Photosynthesis. In: Earth's Earliest Biosphere: 
Its Origin and Evolution (ed. by J.W. Schopf). Princeton, NJ: 
Princeton University Press, p. 135-148, 1983. 
Gibson*, E.K. A Review of Distributions of Sulfur in Solar 
System Objects. In: Conference on Planetary Volatiles, 
Alexandria, Minnesota October 9-12, 1982 (ed. by R.O. Pepin 
and R. O'Connell). Houston: Lunar and Planetary Institute, p. 
73-74, 1983. (LPI Technical Report 83-01) 
Gibson*, E.K., Wentworth, S.J., and McKay, D.S. Chemical 
Weathering and Diagenesis of a Cold Desert Soil from Wright 
Valley, Antarctica: An Analog of Martian Weathering Processes. 
Journal of Geophysical Research 88(Suppl.): A912-A928, 1983. 
Hayes*, J.M. Geochemical Evidence Bearing on the Origin of 
Aerobiosis, A Speculative Hypothesis. In: Earth's Earliest 
Biosphere: Its Origin and Evolution (ed. by J.W. Schopf). 
Princeton, NJ: Princeton University Press, p. 291-301, 1983. 
lA.L. Burlingame and M. Calvin, Co-Principal Investigators 
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Hayes*, J.M., Kaplan*, I.R., and Wedeking, K.W. Precambrian 
Organic Geochemistry, Preservation of the Record. In: Earth's 
Earliest Biosphere: Its Origin and Evolution (ed. by J.W. 
Schopf). Princeton, NJ: Princeton University Press, p. 
93-134, 1983. 
Hofmann, H.J. and Schopf*, J.W. Early Proterozoic Microfossils. 
In: Earth's Earliest Biosphere: Its Origin and Evolution (ed. 
by J.W. Schopf). Princeton, NJ: Princeton University Press, 
p. 321-360, 1983. 
Kerridge*, J.F. Isotopic Composition of Carbonaceous-Chondrite 
Kerogen: Evidence for an Interstellar Origin of Organic Matter 
in Meteorites. Earth and Planetary Science Letters 64: 
186-200, 1983. 
Nagy, L.A. 1 Microbial Paleontology. 
by D. Schlessinger). Washington, 
Microbiology, p. 389-390, 1983. 
In: Microbiology--1983 (ed. 
DC: American Society for 
Oremland, R.S. and Des Marais*, D.J. Distribution, Abundance and 
Carbon Isotopic Composition of Gaseous Hydrocarbons in Big 
Soda Lake, Nevada: An Alkaline, Meromictic Lake. Geochimica 
et Cosmochimica Acta 47: 2107-2114, 1983. 
Rohrback, B.G., Peters, K.E., Sweeney, R.E., and Kaplan*, I.R. 
Ammonia Formation in Laboratory Simulated Thermal Maturation: 
Implications Related to the Origin of Nitrogen in Natural Gas. 
In: Advances in Organic Geochemistry 1981 (ed. by M. Bjoroy). 
New York: John Wiley & Sons, p. 819-823, 1983. 
Schidlowski, M., Hayes*, J.M., and Kaplan*, I.R. Isotopic 
Inferences of Ancient Biochemistries: Carbon, Sulfur, 
Hydrogen, and Nitrogen. In: Earth's Earliest Biosphere: Its 
Origin and Evolution (ed. by J.W. Schopf). Princeton, NJ: 
Princeton University Press, p. 149-186, 1983. 
Schoeller, D.A., Peterson, D.W., and Hayes*, J.M. Double-Compar-
ison Method for Mass Spectrometric Determination of Hydrogen 
Isotopic Abundances. Analytical Chemistry 55: 827-832, 1983. 
Schopf*, J.W. (ed.) Earth's Earliest Biosphere: Its Origin and 
Evolution. Princeton, NJ: Princeton University Press, 543 p., 
1983. 
Schopf*, J.W. Technical Terms. In: Earth's Earliest Biosphere: 
Its Origin and Evolution (ed. by J.W. Schopf). Princeton, NJ: 
Princeton University Press, p. 443-458, 1983. 
1 B. Nagy, Principal Investigator 
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Schopf*, J.W., Hayes*, J.M., Matzigkeit, U., Walter, M.R., and 
Wedeking, K.W. Appendix II: Flow Chart and Processing 
Procedure for Rock Samples. In: Earth's Earliest Biosphere: 
Its Origin and Evolution (ed. by J.W. Schopf). Princeton, NJ: 
Princeton University Press, p. 414-415, 1983. 
Schopf*, J.W., Hayes*, J.M., and Walter, M.R. Evolution of 
Earth's Earliest Ecosystems: Recent Progress and Unsolved 
Problems. In: Earth's Earliest Biosphere: Its Origin and 
Evolution (ed. by J.W. Schopf). Princeton, NJ: Princeton 
University Press, p. 361-384, 1983. 
Schopf*, J.W. and Walter, M.R. Archean Microfossils: New 
Evidence of Ancient Microbes •. In: Earth's Earliest Biosphere: 
Its Origin and Evolution (ed. by J.W. Schopf). Princeton, NJ: 
Princeton University Press, p. 214-239, 1983. 
Smith*, G.G., Khatib, A., and Reddy, G.S. Effect of Nickel(II) 
and Cobalt(III) and Other Metal Ions on the Racemization of 
Free and Bound L-Alanine. Journal of the American Chemical 
Society 105(2): 293-295, 1983. 
Smith*, G.G. and Sivakua, T. Mechanism of the Racemization of 
Amino Acids. Kinetics of Racemization of Arylglycines. 
Journal of Organic Chemistry 48(5): 627-634, 1983. 
Spies, R.B. and Des Marais*, D.J. Natural Isotope Study of 
Trophic Enrichment of Marine Benthic Communities by Petroleum 
Seepage. Marine Biology 73: 67-71, 1983. 
Stroud, E.D., Fife, D.J., and Smith*, G.G. A Method for the 
Determination of the pK of the alpha-Hydrogen in Amino Acids 
Using Racemization and ~xchange Studies. Journal of Organic 
Chemistry 48: 5368-5369, 1983. 
Walker*, J.C.G., Klein, C., Schidlowski, M., Schopf*, J.W., 
Stevenson, D.J., and Walter, M.R. Environmental Evolution of 
the Archean-Early Proterozoic Earth. In: Earth's Earliest 
Biosphere: Its Origin and Evolution (ed. by J.W. Schopf). 
Princeton, NJ: Princeton University Press, p. 260-290, 1983. 
Walter, M.R., Hofmann, H.J., and Schopf*, J.W. Geographic and 
Geologic Data for Processed Rock Samples. In: Earth's 
Earliest Biosphere: Its Origin and Evolution (ed. by J.W. 
Schopf). Princeton, NJ: Princeton University Press, p. 
385-413, 1983. 
Warner, J.L., Ashwal, L.D., Bergman, S.C., Gibson*, E.K., Jr., 
Henry, D.J., Lee-Berman, R., Roedder, E., and Belkin, H.E. 
Fluid Inclusions in Stony Meteorites. Journal of Geophysical 
Research 88(Suppl.): A731-A735, 1983. 
9 
Wedeking, K.W. and Hayes*, J.M. Carbonization of Precambrian 
Kerogens. In: Advances in Organic Geochemistry 1981 (ed. by 
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Wedeking, K.W. and Hayes*, J.M. Exchange of Oxygen Isotopes 
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Wedeking, K.W., Hayes*, J.M., and Matzigkeit, U. Appendix IV: 
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Earliest Biosphere: Its Origin and Evolution (ed. by J.W. 
Schopf). Princeton, NJ: Princeton University Press, p. 
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Journal of Theoretical Biology 101: 
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Golubic*, S. Stromatolites, Fossil and Recent: A Case History. 
In: Biomineralization and Biological Metal Accumulation (ed. 
1 2L.T. Hunt, Principal Investigator 
B.B. Buchanan, Principal Investigator 
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~L. Margulis, Principal Investigator 
3T.H. Jukes, Principal Investigator 
C.R. Woese, Principal Investigator 
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